Background-Chronic total occlusion (CTO) recanalization is a complex and technically challenging procedure. The J-CTO score has been proposed to stratify case complexity and procedural success rates. However, the score has never been tested outside the setting of the original study. Moreover, its predictive value when using a hybrid antegrade or retrograde approach is unknown. We investigated the performance of the J-CTO score for predicting procedure complexity and success in an independent contemporary cohort.
C hronic total occlusion (CTO) is a common finding in patients with coronary artery disease 1 and is associated with poorer outcomes compared with patients with ischemia with non-CTO disease. [2] [3] [4] [5] Although better clinical outcomes have been associated with successful recanalization in observational studies, [6] [7] [8] CTO percutaneous coronary intervention (PCI) remains a major challenge for many interventional cardiologists, and developing new strategies to approach CTO is important for the field. Angiographic CTO lesion characteristics are predictive of success rate and procedure time. [9] [10] [11] The multicenter Japanese CTO Registry 12 investigators developed the J-CTO score as a scoring system to grade the difficulty in crossing a CTO within 30 minutes and overall success rate. 13 Thus, it might be a valuable tool for some operators dealing with the challenge of patient selection for CTO PCI and for schedule management. However, the J-CTO score has never been tested outside the setting of the original study, and its validity has not been established in a non-Japanese population. Moreover, the retrograde approach is an established procedure, which improves the success rate, 14 but the proportion of patients with retrograde approach in the original Japanese registry was relatively low. Hence, the predictive value of the J-CTO score when using modern hybrid antegrade and retrograde approaches is unknown. The purpose of the study was therefore to (1) evaluate the performance of the J-CTO score for predicting procedure complexity defined as guidewire CTO crossing within 30 minutes and final success rate in an independent CTO cohort and (2) to assess its performance for antegrade and retrograde approaches.
Methods

Study Population and CTO Procedures
Between January 2010 and December 2012, a total of 245 consecutive CTO PCI were performed by a single operator (S.R.). Of these, 36 (14.7%) patients were performed outside our institution and were not available for angiographic analysis. Hence, the final study population consisted of 209 patients, all patients referred for CTO PCI, without angiographic exclusion criteria. Baseline, procedural and hospitalization data were prospectively collected and entered in a dedicated database. Our institutional review committee approved prospective data collection as part of the Recherche Évaluative en Cardiologie InTervenionnelle (RÉCIT) registry, and subjects provided signed informed consent. A CTO was defined as an obstruction of a coronary artery with anterograde thrombolysis in myocardial infarction flow grade 0 that was confirmed or presumed to be ≥3 months old. 11 The duration of the CTO was estimated by clinical information or the results of previous angiography. Successful angiographic recanalization was defined as a restoration of thrombolysis in myocardial infarction flow grade 3 and residual stenosis <30% in the occluded artery. Successful procedure was defined as successful angiographic recanalization and no in-hospital major adverse cardiovascular event including death, stroke, major vascular complication, tamponade requiring pericardial drainage, or need for urgent surgery. Contrast-induced nephropathy was also recorded and defined as an increase in creatinine by 0.5 mg/dL or >25% of the baseline value. 15 Neither occluded arterial graft nor vein graft lesions were considered for this study. When possible, arterial access was established via bilateral radial approach (right radial for the left main catheter and left radial for the right coronary artery catheter to optimize support), and 6F catheters were used primarily. 16 The preferred guiding catheter curves were Amplatz left (AL) 0.75 for the right coronary and extra back-up (XB) 3.5 for the left. FinecrossMG (Terumo, Tokyo, Japan) and Corsair (Asahi Intecc, Nagoya, Japan) microcatheters were generally used for antegrade and retrograde approaches, respectively. Dual injection was used routinely when contralateral collaterals were present. The approach to the CTO was based on the anatomy following
WhAT IS KNOWN
• Chronic total occlusion (CTO) percutaneous coronary intervention remains a difficult procedure associated with higher failure rates than angioplasty for subtotal lesions.
• The J-CTO score, derived from a large registry, stratifies case complexity and the likelihood of success.
WhAT ThE STuDy ADDS
• However, the score had not been validated in an independent cohort.
• This study indicates that the J-chronic total occlusion score is valid and useful to predict the time required to cross the chronic total occlusion, the total procedure time, and radiation dose and contrast use.
• However, it was not helpful to predict success rate, using hybrid antegrade, retrograde, and reentry techniques. Data are presented as mean±SD, n (%), or median (Q1-Q3). BMI indicates body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; CTO, chronic total occlusion; EF, ejection fraction; eGFR, estimated glomerular filtration rate; MI, myocardial infarction; and PCI, percutaneous coronary intervention. *Entire cohort of the J-CTO registry (n=528).
a previously described algorithm. 17 Briefly, antegrade approach was initially attempted for short lesions (<20 mm) with clear proximal cap and good distal vessel target using a wire escalation strategy (Fielder XT Asahi Intecc; Pilot 50, Abbott Vascular; Pilot 200 Abbott Vascular or Confianza Pro 12, Asahi Intecc, according to the lesion characteristics). 16 Antegrade dissection and reentry techniques using dedicated devices were used for longer lesions and optimal distal zone of reentry without significant side-branches. 18 Other complex lesions with ambiguous proximal caps and poor distal target were attempted by retrograde approach. A soft guidewire (Fielder FC or more recently Sion, Asahi Intecc) was used to cross the collaterals, and distal tip injections were not typically performed. Once the microcatheter reached the distal cap, a true-to-true lumen crossing technique with externalization of the wire was attempted. When entering in the subintimal space or with long lesion, knuckled wires were used to reach the proximal cap of the occlusion followed by reverse-CART techniques . 14 The occluded segment was always stented with drug-eluting stents, and postdilation was performed to optimize stent expansion and apposition. The J-CTO score was prospectively calculated in all the patients after the publication of the original study (February 2011) and retrospectively in patients who underwent PCI before the publication but was not used to turn down patients for CTO PCI based on anatomy. Time to cross was defined as in the original index publication, using the wire working time, and confirmation of wire true distal lumen positioning by angiography and catheterization report review. The primary end point was defined as time to cross within 30 minutes. The secondary end points were final angiographic and procedural successes.
The J-CTO Score
This score was derived from the Japanese CTO registry from the analysis of ≈500 native CTO lesions. 13 Defining case complexity by Table 3 . Baseline Characteristics According to J-CTO Score Categories Data are presented as mean±SD, n (%), or median (Q1-Q3). BMI indicates body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; CTO, chronic total occlusion; EF, ejection fraction; eGFR, estimated glomerular filtration rate; MI, myocardial infarction; and PCI, percutaneous coronary intervention. guidewire CTO crossing within 30 minutes and procedure success, 5 independent predictors were found: (1) calcification; (2) bending >45° in the CTO segment; (3) blunt proximal cap; (4) length of occluded segment >20 mm; and (5) previously failed attempt. A score (J-CTO) was developed giving 1 point for each of these independent predictors when present. The CTO case complexity was further stratified into easy (J-CTO score=0), intermediate (score=1), difficult (score=2), and very difficult (score=3-5).
Statistical Analysis
Binary variables were expressed as percentages, and continuous variables were expressed as mean values and SD or as median values and quartiles (Q1-Q3), based on data distribution assessment performed by the Kolmogorov-Smirnov test. Categorical variables were compared using the χ 2 test, and continuous variables were compared using 1-way ANOVA or Kruskal-Wallis test to determine differences between mean or median values among the J-CTO categories, respectively. Trend test was performed. The association between a <30-minute guidewire manipulation duration (dichotomized as in the original index description) required to cross the lesion and the J-CTO score (predictor variable) was assessed using logistic regression. The goodness-of-fit of the logistic model was examined using the Hosmer and Lemeshow (HL) goodness-of-fit statistic. 19 The HL statistic tests the actual versus the predicted responses; theoretically, the observed and expected counts should be close. Based on the χ 2 distribution, an HL statistic with a P value >0.05 was considered a good fit. The discriminatory power of the logistic model was assessed by the area under the receiver-operating characteristics (ROC) curve or the C-index. 20 A model with perfect discriminative ability has a C-index of 1.0; an index of 0.5 provides no better discrimination than chance. Models with area under the ROC curve >0.7 are considered to have a meaningful discriminatory ability. The model was also repeated separately for procedures performed in an earlier (first half; n=104) and a later (second half; n=105) period, involving antegrade or retrograde approaches and dissection-reentry techniques. All analyses were performed using the statistical package SAS (version 9.2; SAS Institute Inc, Cary, NC) considering significant results with P values <0.05. 
Results
Baseline Characteristics
Baseline clinical and angiographic characteristics are shown in Tables 1 and 2, respectively. Compared with the Japanese population, patients in our cohort showed an overall different risk profile. The prevalence of dyslipidemia, smoking, family history of coronary artery disease, previous myocardial infarction, and previous percutaneous and surgical revascularization was higher among Canadian patients. The Japanese patients were more likely to have diabetes mellitus and chronic renal failure on hemodialysis (Table 1 ). There were also relevant angiographic differences in CTO lesion characteristics, leading to a higher J-CTO score in the Canadian cohort (≥3: 41.1% of lesions in Canadian versus 27.4% in Japanese patients; Table 2 ). Although the Japanese patients had more calcified lesion and side branches in the proximal cap, the Canadian group had longer lesions with more bridging collaterals, blunt stump at CTO entry, unsuccessful previous attempt, and worse collateral distal flow. The proportion of patients with an easy (score=0), intermediate (score=1), difficult (score=2), and very difficult (score≥3) J-CTO score was 10.1%, 21.5%, 27.3%, and 41.1%, respectively. Baseline characteristics of the study population were similar among J-CTO score categories (Table 3) . A total of 92 patients (44.0%) achieved the primary end point of lesion crossing within 30 minutes of guidewire working time. Figure 1 shows the decreasing rates of guidewire crossing within 30 minutes as a function of CTO complexity (P for linear trend <0.001).
Discrimination and Calibration of the J-CTO Score
The discriminatory capacity of the model in our cohort was good overall with a c statistic of 0.770 (95% confidence interval [CI], 0.706-0.834; P<0.001; Figure 2A ). Calibration of observed against expected rates for guidewire crossing within 30 minutes was adequate for the global population (Table 4) , as shown by the HL test (HL=7.70; P=0.464). Each of the component variables of the J-CTO score, with the exception of previous failed lesion, had significant univariate association with successful guidewire crossing within 30 minutes ( Table 5 ). Blunt stump at the proximal cap, occlusion length ≥20 mm, and calcification were also independent predictors in the multivariate analysis in our adjusted model. The proportion of patients with very difficult lesion (J-CTO score≥3) was similar for the early and late period (39.4% versus 42.9%; P=0.614). The discriminatory capacity of the model performed well for both the first half (c statistic, 0.767; 95% CI, 0.674-0.860; P=0.001; HL=6.48; P=0.593) and the second half (c statistic 0.776; 95% CI, 0.687-0.864; P=0.001; HL=2.88; P=0.941) of the period (P=0.890 for comparison of both ROC curves).
J-CTO Score and hybrid Approach
A total of 111 (53.1%) CTO PCIs were performed involving a retrograde approach. The J-CTO score was significantly higher when the retrograde approach was required (≥3: 58.6% for retrograde versus 21.4% for antegrade; P=0.001). Consequently, the global proportion of patients with successful guidewire crossing within 30 minutes was significantly lower in this group compared with patients treated with an antegrade approach (22.3% versus 76.9%; P<0.001). For each J-CTO score strata, the primary end point was achieved more frequently with the antegrade approach (Figure 1) . The model performed equally well for patients treated with a retrograde approach (c statistic 0.727; 95% CI, 0.605-0.849; P=0.001) compared with those with an exclusive antegrade approach (c statistic, 0.708; 95% CI, 0.602-0.814; P=0.001), P=0.816 for comparison of both ROC curves ( Figure 3A ). As shown in Table 4 , the goodness-of-fit test showed optimal calibration in both approaches (P value>0.1 and χ 2 <20). Also, a total of 93 (44%) patients required a dissection-reentry technique (either retrograde or antegrade). The score again showed good discrimination for the true-to-true lumen and the dissection-reentry techniques, P=0.780 for comparison of both curves ( Figure 3B ).
J-CTO Score, Procedure Complexity, and Final Success
The CTO complexity as assessed with the J-CTO score was associated with contrast load, radiation dose, time to cross, fluoroscopic time, and procedure time (Jonckheere trend test P<0.001, for all comparison; Table 6 ). Successful angiographic recanalization was achieved in 189 (90.4%) patients (89.4% in the first half versus 91.4% in the second half of the cohort; P=0.622). The differences in success rate among J-CTO score categories did not reach statistical significance (P=0.290), with success rates >87% in all 4 groups (Figure 4 ). The area under ROC curves for final angiographic success was 0.399 (95% CI, 0.286-0.511; P=0.136; Figure 2B ), confirming the inability of the J-CTO score to predict final angiographic success in this cohort treated with a hybrid approach. The final angiographic success rate was high with both approaches (antegrade 92.9% versus 88.3%; P=0.263; Figure 5 ). However, the median successful guidewire manipulation time was significantly shorter with the antegrade compared with the retrograde approach (13, Q1-Q3 6-27 minutes versus 57, Q1-Q3 35-108 minutes; P=0.001). In-hospital major adverse cardiovascular event occurred in 4 (1.91%) patients, leading to a procedural success rate of 187 (89.5%) with ROC curve of 0.40 (95% CI, 0.29-0.51; P=0.113). The in-hospital complications of the studied population and the individual J-CTO score of these patients are shown in Table 7 .
Discussion
This study validated the J-CTO score in an independent and unselected contemporary CTO PCI cohort. Our results Pairwise comparison adjusted by Bonferroni correction: †P<0.01 vs J-CTO score 0 and 2, ‡P<0.05 vs J-CTO score 1 and 2; §P<0.01 vs J-CTO score 0, 1 and 2; #P<0.01 vs J-CTO score 2; **P<0.01 vs J-CTO score 0, 1, and 2; † †P<0.01 vs J-CTO score 0, 1, and 2; ‡ ‡P<0.01 vs J-CTO score 2; § §P<0.01 vs J-CTO score 0, 1, and 2. demonstrated that the J-CTO score had excellent discriminative capacity and calibration for predicting successful guidewire crossing within 30 minutes. However, using a hybrid antegrade and retrograde approach and use of dissectionreentry techniques, the overall angiographic recanalization success rate was not affected by the score. In addition, the discrimination power was similar for pure antegrade and retrograde approaches, but there were significant differences in the guidewire manipulation time between both approaches.
A careful evaluation of the lesion complexity is essential before attempting CTO recanalization both for experienced and nonexperienced CTO PCI operators. The J-CTO score has been proposed to assess the complexity of the expected procedure, not only as a time assessment tool, but also to predict success rate. Validation of stratification models in a purely external cohort in which it is to be applied is epidemiologically advisable. Our results confirm that the J-CTO score is a useful tool to stratify CTO PCI complexity in a geographically and ethnically distinct CTO population. Moreover, the accuracy of the score is not affected by the current contemporary hybrid techniques and the presence of clinical and angiographic differences between both cohorts, which support its widespread use. In our multivariate analysis, 3 variables of the score were independent predictors of the end point, and the good performance of the score in Japanese validation cohort (c statistic, 0.76) 13 was maintained and comparable in our independent cohort (c statistic, 0.77). This reproducibility of the analysis in a different population supports its robustness. Other parameters of procedure complexity, such as radiation, amount of contrast, and procedure time, were also associated with J-CTO scores. Furthermore, our results demonstrate the broad applicability of the J-CTO score regardless of the selected strategy (antegrade versus retrograde) and use of dissection-reentry techniques. Although a true-to-true lumen recanalization technique might be preferable because of lower reocclusion rates, 21 such a technique is often impossible to achieve when tackling long lesions, where dissection-reentry seems the only method associated with good success and low complication rates. It is worthwhile to note that the retrograde approach was associated with higher guidewire manipulation time in our cohort; however, retrograde was used in cases with substantially higher J-CTO score where an antegrade-only technique was not advisable. 17 Although the success rate in the very difficult J-CTO strata was 73.3% in the Japanese cohort, the J-CTO score was unable to predict final angiographic success rate in our cohort. Syrseloudis et al 22 showed in a series with a longer inclusion period that the J-CTO score was predictive of successful recanalization. Again, the success rate was lower than in our cohort, and the current techniques and dedicated CTO devices were only used in the most recent period. We think that our findings are novel and reassuring, suggesting that a more liberal use of hybrid antegrade and retrograde approaches and dissection-reentry technique overcome the impact of the complexity on success rate. Even high J-CTO scores should not discourage experienced and dedicated CTO operators to attempt the recanalization. Nevertheless, the J-CTO score remains extremely useful to predict procedure time, contrast load, and radiation, all variables to paramount importance in planning CTO PCI. Although procedural success rate of CTO PCI is increasing in recent years, and major in-hospital complications are relatively low (≈1.0%-2.0%), rates nonetheless continue to be higher than for non-CTO PCI. 23, 24 J-CTO score could help the physician to predict complexity, which is usually related with higher complications rates.
With this validation, we think the J-CTO score can clearly assist interventional cardiologists (not only CTO PCI operators) in the treatment decision process. Occlusions with low J-CTO scores could be attempted using simple antegrade-only techniques by lower-volume or in-training CTO operators in standard facilities. However, CTOs with higher J-CTO scores should be referred to a high-volume CTO operator proficient with the hybrid approach. 25 Finally, in dedicated CTO PCI programs, the J-CTO can serve to plan the CTO PCI day schedule, to optimize case number, and to reduce the risk of subsequent case cancelation.
Limitations
A few study limitations warrant discussion. First, the validation has been performed in a single center series, so applicability of the score in other population has to be confirmed in future studies to prove its generalizability. Also, this is a highvolume operator series, so we could not test the accuracy of the score in lower-volume centers or for lower-volume operators. Therefore, the study findings apply largely, if not exclusively, to operators and programs who can master the hybrid CTO PCI approach with all modern techniques and tools. However, the Japanese CTO registry also involved mainly dedicated high-volume operators, so our results are consistent with respect to the experience of operators. Although the discriminatory capacity of the score was good for the first period of our CTO program, suggesting that it could be applied to beginner operators, futures studies will be needed to determinate the use of the J-CTO score when the PCI is performed by a low-volume operator or using antegrade-only approaches. The J-CTO score was calculated retrospectively in half of the patients, but no differences were observed in the J-CTO score among the patients calculated retrospectively and prospectively (data not shown). It is possible that the lack of prediction of success with the J-CTO score is because of limited sample size. However, we can at least conclude that it should not discourage any attempt by hybrid operators, with a success rate >87% in the worse complex cases. In addition, the discriminatory capacity of the score for in-hospital complications could unfortunately not be assessed because of the small sample size. Finally, no independent core-laboratory was used to the angiographic analysis, although we think it is unlikely that the global findings would have been any different.
In conclusion, this study provides a full evaluation of the J-CTO score model in an independent data set representing a contemporary interventional management of CTOs. Even in the presence of substantial differences in clinical and angiographic features with the original derivation cohort, the J-CTO score showed good discriminatory and calibration capacity for guidewire CTO crossing within 30 minutes among antegrade and retrograde approaches but did not predict the final success rate. The simplicity of the score supports its widespread use as a routinely clinically applicable tool.
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